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ABSTRACT

With the building of Hainan international tourism island, environment risk at sea
cannot be neglected. Yangpu economic development area takes an essential role in the
GDP of Hainan province, whereas the petrochemical industry contributes too much.
It is impossible to prohibit the high risk ships to sail in this area, thus reasonably
assessing the safety of bulk chemical tankers in Yangpu is necessary.
This thesis will focus on the safety of bulk chemical tanker, start from the “humanmachine-environment-management” system, analysis on the factors impact on safety
of bulk chemical tanker with system theory, specify the assessment indices, and then
establish the comprehensive safety assessment model for bulk chemical tankers in
Yangpu sea area.
As there are various factors impact on the safety of chemical tanker, and belongs to
different hierarchies, AHP is suitable. Combine the fuzzy comprehensive evaluation
and other quantitative analysis methods, establishing the comprehensive evaluation
model for bulk chemical tanker.

Collecting the opinion of experts with the

questionnaires, specify the weights and membership for assessment indices. After
iii

calculation, establish the final model for safety of bulk chemical tanker in Yangpu,
and use an example to testify the model.
This model provides scientific advices for the related parties in Yangpu to avoid risk
and make decisions.

KEYWORDS: Bulk chemical tanker, Yangpu Port, Safety assessment, AHP, Fuzzy
evaluation
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Chapter I Background
The bulk chemical tanker is one of the subdivided fields in the traffic and
transportation market, and it takes an essential role in the logical business of
production and consumption for petrochemical industry, coal chemical industry and
inorganic chemistry industry, these industrial sectors are important cornerstones of
our national economy. Without these industries, not only the daily life for ordinary
beings will be affected, but also the infrastructure and national defense construction
will face difficulties and obstacles.
Take the petrochemical industry for instance, there are significant percentages of nonfuel down-stream products classified as rigid consumptions, and it is difficult to
replace them with other industrial products.

According to the experiences of

developed countries, compared with the national GDP, the growth rate of
petrochemical industry is 1.5 times higher. When it comes to the emerging markets,
this figure even can be twice higher.
Besides, no matter the petrochemical industry, coal chemical industry or the inorganic
chemistry industry, all of them have a long industrial chain, and the position of the
raw material origin, up-stream and down-stream industry usually are located far from
each other. This characteristic of geographical distribution produces an objective
demand for transportation from the raw material origin to up-stream factory, and to
the down-stream factory. It is widely accepted that shipping has the lowest unit cost
and the best cost performance among the various transportation industries. Therefore,
all of these above created the bulk chemical tanker.
The bulk chemical transportation was born in the mid-1940s. At the beginning,
modifying the oil tanker is a wise choice. The first specially designed bulk chemical
-1-

tanker in the world is the M/V ‘Marine Dow-Chen’, It was built in America in
1954, with two propellers and a steam turbine motor. After several decades, the
production of bulk chemical tankers has made significant progress. Until now, it has
gone through 4 generations:
First generation (1950s): to modify the single bottom oil tanker into double bottom
bulk chemical tanker, and to increased the number of longitudinal bulkheads.
Second generation (1960s-1970s): double bottom and double hull construction in
cargo area, using the special coat on cargo hold bulkhead to avoid structure corrosion,
however, the catalogs of chemicals can be carried are limited.
Third generation (1980s): to increase the deadweight of single ship, the types of cargo
onboard grew to more than 100, meanwhile, the special protection system for cargoes
increased. The anti-corrosion of special coat became stronger than before, stainless
steel and composite was used on bulkhead structure. The quantity of cargo holds was
more than 20, and the deep-well pump came into used in the loading and discharging
system onboard.
Fourth generation (1990s): the deadweight of a single ship broke through 40000, and
the number of cargo holds reached 30 to 50. More than 600 kinds of chemicals can be
carried onboard, the deep-well pump was widely used onboard, and the service of
bulk chemical tankers became more flexible. (Zhang J.N.2003. pp1-3)

Due to the trend of globalization in the last 20 years, the global economic map is quite
different as before, the world petrochemical industry migrated towards emerging
markets aggressively, and the distance between refinery and downstream consumption
is further stretched. focusing on the total demand in the market, both of the traditional
petrochemical products consumer and demand from emerging market countries have
-2-

greatly increased, and it has stimulated the development of the waterway transport
market for liquid chemicals. Taking China for instance, in the first decade of the 21st
century, lots of refineries invested by the international petrochemical industry giants
like BP and SHELL began to produce in succession, thus the bulk chemical shipping
industry is booming. (Shang Z.G& Han Hao.2007. pp3-5)
With the rapid expansion of the fleets owned by emerging countries, the bulk
chemical shipping market is taking a bigger proportion in the market. However,
compared with the mainstream shipowners, the cargo operation and tank cleaning on
their ships still have a long way to go, and potential safety risk should not be
neglected. Considering for the safety management of the total world bulk chemical
tanker industry, the risk of the whole industry is increasing.
As the petrochemical products are widely used in various industries in our daily life,
the potential risk will clearly be exposed. Once the accident happens, the personnel
and property loss are difficult to estimate, thus it is necessary to research the risk
assessment on the bulk chemical port. Through analysis of the potential risk, the
safety conditions of the port can be clear, and safety improvement target can be
definite, so as to improve the safety and management level of port equipment and
facilities.

-3-

Chapter II Particulars of Yangpu Bulk Chemical Port
2.1 Overview of Yangpu Port
Yangpu Economic Development Area is located in the northwestern coastal area of
Hainan Island, adjacent to Beibu Bay, AND in the middle of the western industrial
zone of Hainan Province. Currently, Yangpu Economic Development Area covers a
total area of 31 square kilometers, and has a population of 60,000.

The coastal water

is deep with less sludge, and the natural condition is suitable to build a port. Yangpu
is about 200 miles far away from the nearby 20 ports, and it is the closest deep water
port to the international main shipping track in Beibu Bay. It is also the nearest
petrochemical and oil gas storage base to oil and gas resource in South China Sea and
oil in Mideast, and the first nodal point in China for the oil gas from Mideast and
Africa. (China Academy of City Planning and Research .2012.pp2-11)
Yangpu port consists of Yangpu Port Area, Shentou Port Area and Houshuiwan Port
Area. The main functions of these port areas are as follows:
(1) Yangpu Port Area
As the main part of the whole Yangpu Port at present, Yangpu Port Area mainly
provides service for the logistics of Hainan province. Currently, the main function of
this area is to supply for the container ship and to work as a super vessel repair base.
Nowadays, there are 8 berths; one of which is 100000 dwt bulk terminals, as well as 3
container terminals and several general cargo terminals.
(2) Shentou Port Area
Relying on the Yangpu Economic Development Area, this area is planning to be a
coastal industrial and liquid dangerous cargo port area with large deepwater special
-4-

berths. Currently, there are two 300000-DWT crude oil berths, one 100000-DWT
product oil berths, two 10000-DWT product oil berths, one 5000-DWT LNG berth,
one 20000-DWT liquid chemical berth, one 10000-DWT liquid chemical berth and
two 5000-DWT liquid chemical berth.
(3) Houshui Bay Port Area
As the reserved area for Yangpu port, it is planning to be the operation area for large
container ship and bulk carriers.

2.2 General Arrangement for Chemical Terminal
All of the bulk chemical terminals are located in the Shentou Port Area which is
composed of two L-shape breakwaters, one 50000-DWT liquid chemical berth
invested by Royal Vopak which will be built inside the northern breakwater, and four
over-10000-DWT product oil berths which will be built inside the southern one.
2.2.1 Arrangements of Berths
The dimension NO.1 bulk chemical berth (20000-DWT) operational platform is
55m×22m, on the northern side is NO.2 bulk chemical berth (10000-DWT). The
dimension is 45m×22m. There are two cleats on each side of both NO.1 and NO.2
berth operational platform, and the cleat located on the mid of platform is shared by
the two berths, thus the number of cleats is 7, and their dimension is 6m×6m.
Platforms are connected with the cleats on sides by 2 meters wide footbridge.
2.2.2 Arrangement of Water Areas
Both of NO.1 and NO.2 berths have berthing water area and circling water area
arranged in the front of them, and the breadth of berthing area is 49m, which is
designed as twice as the breadth of 20000-DWT bulk chimerical tanker. The diameter
-5-

of circling water area is 320, doubly the length of target ship. NO.3 and NO.4 berth
provide service for 10000-DWT chemical tanker, and the breadth of berthing area is
44m, and diameter of circling area is 292m.
2.2.3 The Dimension of Target Ship
Besides the designed ship types, 5000-DWT chemical tankers also can arrived at
Yangpu. Three 5000-DWT tankers can berth together at NO.3 and NO.4 berth.

2.3 Natural Condition of Chemical Terminal
2.3.1 Climates
Yangpu meteorological station was founded in 1976. Its geographical coordinates is
N19°44′，E109°12′. The station observes items including temperature, precipitation,
wind, and so on. According to the statistics collected by the station, the climate can
be described as follows:
The annual average wind speed is 3.6 m/s, northeasterly is common from October to
the next April, the southwesterly and south-southwesterly domain the period from
June to August.
The annual average temperature is 24.7℃, with the highest being 38.5℃, and the
lowest being 7.3℃.
Due to the monsoon, the rainy and dry seasons are obvious in this area. Frequently,
the rainy season spreads from May to October, and the rest belongs to the dry season.
Most of the raining days come from July and August; taking the percentage of 48%
over the whole year.
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Annual average fog day are 34.8 days, among them, 16 days have heavy fog. Usually,
fog occurs from December to the next April, and lasts 2 to 4 hours per day, sometimes
longer to 7 hours.
There is a high probability to face thunderstorm in this area. The number of annual
average thunderstorm day is 114, usually taking place between May and August.
(Shipping College of Wuhan University of Technology .2011. pp15-41)
Typhoon is common in this area, occurring three to four times every year. From June
to October, especially in July and August, typhoon is very frequent. The highest
speed of wind is over 35m/s, with heavy rain and huge surge. As Yangpu Port is
located at the northwestern part of Hainan Island where is far from the usual typhoon
landing position, it is unusual to suffer typhoon directly.
2.3.2 Hydrological Data
The tide in Yangpu is cataloged as regular diurnal tide, according to the statistics.
The highest tide is 4.1m, the lowest is 0.28m, and the average high tide is 2.8 m. The
average low tide is 1.17 m, the average tide is 1.98 m, and the average tidal range is
1.88m.
Tidal current in this area is reversing current, rising tide flow towards north and ebb to
south. The most common wave is northeast and north-northeast direction.
2.3.3Landform and Sediment Deposition
Yangpu is located in the near-shore shallow water area, with the seabed gently down
from land to the sea. The harbor land area is southeast, most are Basalt volcanic
landforms covered by lateritic crust of weathering. Coast intertidal zone is marine
platform, shoreline twists and turns, thus it is typical eroded coast. The sea water in
this area contains a small quantity of sand and sludge.
-7-

2.3.4 The Statistics of Vessel Traffic Flow
To collect the date of vessel traffic in this area, an AIS tracking observing section of
main traffic flow in this area is useful. The specific screen is shown in the appendix,
and the latitude and longitude of endpoints are as follows:
Point A, 19°34′21.1′′N ， 108°58′24.6′′E; point B, 19°43′15.6′′N ， 108°49′50.0′′E;
point C, 19°41′16.1′′N，108°51′56.0′′E; point D, 19°50′10.5′′N，109°01′44.1′′E;
point E, 19°50′26.0′′N，109°01′45.3′′E; point F,19°48′32.1′′N，109°10′05.8′′E.
The number of observed vessel crossing section AB in 2012 is 2980, section CD is
1247, and section EF is 6312.
2.3.5 The Accident Case in Nearby Area
At about 0333 on June 2, 2009, the M/V AP.DRZIC, registered in Marshall Islands,
after

departure

from Yangpu,

grounded

at

Dachan Reef (19°41′13.9″N,

109°06′43.1″E). Refloated successfully at 1456 on the next day, although there was
nothing wrong with hull of the ship, the direct economical loss was 230,000 RMB.
At 0710 on 27 July, 2009, the Chinese M/V ZHOU CHANG 2, grounded at the point
20°01′24″N/109°42′00″E, with 4200 ton diesel oil onboard. With the help of a tug, it
refloated at 2100. No one was injured, but the direct loss was 130,000 RMB.
At 1532 on February 15, 2009, due to the heavy fog, M/V HEDA 8 collided with a
fish ship. The fish ship was broken, and the direct loss was 60,000 RMB.
At 1420 on April 22, 2010, due to the fault of the chief engineer, Indonesian M/V
LUCKY MINERAL had an oil spill at NO.5 berth of Yangpu Port, causing a huge
damage to the local environment. (Yangpu MSA .2011.pp 3-5)

-8-

Analysis on the cause of maritime casualty in local water area was conducted. The
main reasons are as follows：
The Captain or other deck officers make mistakes; lack of safety consciousness and
professional skills; safety regulations are not carried out strictly; fail to navigate with
caution; improperly operation, any of these may cause accidents.
Tropical cyclone, heavy fog, cold wave and other extreme weathers will affect the
safety of navigation, easily leading to the occurrence of maritime accidents. Both of
the collisions in 2009 were caused by restricted visibility due to heavy fog. Therefore,
terrible weather condition is one of the reasons of maritime casualty.
During the voyage, correction of relevant charts or other nautical publications are not
properly carried out as required, thus these data does not match actual sea condition.

-9-

Chapter III Safety Assessment System for the Bulk Chemical Tanker
As for bulk chemical tankers, once a specific operating condition is determined,
verifying its safety is a problem. As a qualitative index, the safety of vessel is a
relatively obscure concept.
The extent of the acceptable safety or risk still not specified, and there is not a safety
index can be referred to, thus it is necessary to confirm an accepted safety index.
There are various opinions on the safety of vessel, and more than one method can be
used to conduct the safety assessment of a ship. The environmental elements take an
essential role in the safety of ship, for instance, different temperatures or weather
conditions will set up different requirements for a cargo operation, and the safety level
must be quite different.
The importance of human factor in accidents has been confirmed by the casualty
investigation, and the companies are trying to enhance the quality and management
level of crews.

However, there is no specific safety index to quantify human

behaviors.

3.1 The Theory and Principle to Determine the Assessment Indices
There are various factors contributing to the safety of bulk chemical tankers. To
determine the assessment indices is the first step.
With respect to system science,

the performance of a complete system depends

on the existing structure of an organizational relationship among the system, and the
structure determines the development of a system in the future. A system can be
described as：

- 10 -

U  U i , R 
During this format, U is the whole system, and Ui stands for the individual in a
system.

R means the relationship between different individuals. A system is

composed of various objects.

These objects can be cataloged into different sub-

systems, and these sub-systems can be farther subdivided into basic units.

The

relationships among a system include the relationship between unit-unit and
subsystem-subsystem.
The safety of a vessel relies on the coordination of the ‘human-machine-environmentmanagement’ system. Any two factors that fail to cooperate with each other well
would cause risks. There are lots of factors affecting the safety of a ship. Some of
them are independent, while some are interrelated. The importance of different factors
is different. Therefore, factors should be cataloged and chose carefully.
Confirming the assessment indices for the safety should follow these principles：
1. The indices must reflect the safety of a ship.
2. Considering the feasibility, the related data should be easy and convenient to
collect and be assessed.
3. The indices should represent the variation of the system safety in period, and must
be time-effective.
4. The specific figure of indices should be compared with others.
5. Combine quantitative and qualitative principles. (Zhang L.L.2003.pp15)
Choosing the indices is the key point of a safety assessment, and the final success or
failure is based on these indices. Usually, more indices will benefit the assessment,
however, choosing too many will make it difficult to judge the importance of any
single index. Experience suggests the categories of safety indices had better not out
number 5 and specific indices should be better limited to 20.
- 11 -

3.2 Analysis and Choosing on Indices
The safety of bulk chemical tankers is a technical safety topic for traffic and
transportation industry, including accident prevention, machinery maintenance and
personal protection during the cargo operation, mooring, sailing and other steps.
Most of the causes of accidents for bulk chemical tankers are cataloged as human
factors, whereas under the cover of risk caused by improper operation, and lack of
knowledge. The economic recession cause a recession in the business of bulk liquid
chemicals, and the transportation demand shifts to ‘more batches in small quantities’
type. Therefore, the ship will frequently call ports, loading and discharging cargoes,
and face more complicated tank cleaning operations.

As a result, not only the

difficulty of cargo operation but also the workload will increase. Thus, the safety
should be considered as a complicated item involving many social fields.
Generally speaking, maritime casualty is rarely caused by any single factor. Most
are under the influence of the natural environment, the machine working condition,
and the quality of crewmember (Wen H.2003. pp44-45). The relationship of these
factors can be expressed by figure 1:
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Figure 1- Relationship among the four main factors impact on safety
Source: ZHENG H. L.(2001)pp 14-18.

Therefore, to implement the safety assessment of bulk chemical tankers, the first job
is to find the specific factors under the catalog of humans, machines, environment,
and management, so as to the calculate the indices.
3.2.1 Human Factors
During the operation of bulk chemical tankers, safety is under the control of the
combination of humans, machines, environment, and management. Among all these
factors, human factor is the most dynamic and difficult to control one.
According to the related research, human factor is a complicated concept, including
professional dedication, ethics, professional quality,

physical quality, psychological

security, fatigue, experiences, age, education, management ability, decision-making
- 13 -

ability, extroversion and introversion and other factors. All of them work together as
a complicated unit.
Considering various factors, these 5 factors is chose into the assessment system:
(1) Physical and psychological quality
Among the maritime casualty caused by human factors, approximately 75% can be cataloged as
fatigue. Therefore, to have reasonable workload is necessary. (Li J.M.1996. pp 20)

It is necessary to consider the physical and psychological conditions of crews.
Physical fitness means the health of crews’ bodies and the ability to deal with fatigue.
Obviously, the safety of navigation cannot be guaranteed without health.
Bulk chemicals are quite different from other cargoes, since only one or several
chemicals can be operated at one port. With many cargos holding and cargoes
onboard, the ship has to call different ports frequently in a short time. Successive
operations for a long period make the crew very tired, and the toxic cargo is also
harmful for the crew.
Physical and psychological tiredness usually reduce crew’s ability, including strength,
speed, reaction ability, decision-making, and balance ability (Li W.S.2004.pp23). This
diagram illustrates the relationship between fatigue and accidents:
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Figure 2- Relationship between fatigue and accident
Source: Li Q.S (2002) pp28-33.

All the crewmembers must satisfy the healthy standards established by authority,
however, terrible working and living environment onboard causes harm to the
physical fitness of crew on bulk chemical tankers. It is easy to work with negative
emotion for the crew, because their health is at risk, which condition is very likely to
cause improper operation.
Seafarer is a special job, requiring excellent psychological capability. It is difficult to
keep an easy mind when living in a narrow space, working in a noisy place, and far
away from family. Therefore, good mentality is important for safety, especially in
emergencies. People with good mentality can judge the situation accurately, and
make decision very quickly.
(2 Experiences and Length of Service
- 15 -

Experience is very important for navigation, and has close relations with accidents
probability. Due to different experiences, time of work onboard, and physical fitness,
every seafarer has possibility to make mistake. (Li Xin.2003.pp28-33)
There are many kinds of chemicals onboard. Their properties are various, requiring
different procedure of loading and tank washing. Although specific operational
procedures are provided, it is only a suggestion, merely following the guidelines
without considering the specific situation will produce a disappointing work.
Experience is quite helpful at this moment.
According to research, with over 20 years’ working onboard and over 40 years old
will obviously reduce their attention in work. As the experience is much higher than
others, they just finish the job based on experience, therefore lose attention.
(3) Background of Education
Education is the cornerstone for all abilities, and good formal education is the source
of all navigation skills. Compare with others, seafarers with good professional theory
have obvious advantages on prediction, practice operation procedure and method.
Currently, navigation has close relations with informatics, computer skills, electronics,
communication, space satellite and other sciences. After mastering these fundamental
navigation skills, well-educated seafarers have more possibility to excel.
（4）Competency of Crew
The competency of seafarers require them to have related professional skills for their
position, including navigation knowledge, management, law and regulations, insight,
decision-making, organization ability and so on. To be a seafarer, passing the exam
and practice onboard is the precondition, and then the certificate will be issued.
Vessel is a special social environment. As the highest administrative officer, the
master has the power to manage all the business onboard. Thus his decision is
- 16 -

essential for the navigation safety. Chief mate is the executive of cargo operation, and
the requirements of this job are as follows the ability to make a careful operation plan,
to command and to control the situation under emergencies.
The cargo operation procedure on chemical tanker is quite complicated. Since critical
situations are very likely to happen, quick and accurate response of deck officers is
necessary. (Zhu G.F.2001.pp 657-659) For the engineers, guarantying the equipment
work in good condition is the basic requirement.
deficiency of machine.

It is difficult to predict the

When the faults happen, engineers must deal with it

efficiently. During this step, the engineers should make right decision and follow the
operation procedures.
(5) Safety Awareness
Safety awareness is the basic attitude. Only with the right attitude can seafarer follow
the safety regulation. Safety awareness is not a congenital ability, but it depends on
the work ethics, physical fitness, and psychological quality.
3.2.2 Ship and Cargo Factors
The reliability of facilities onboard is the precondition of safety cargo operation. The
safety of chemical tankers directly depends on the equipment condition.
Ship Factor
Navigational equipment are the necessary conditions for safety, including GPS,
NAVTEX, signal horn and bell, magnetic compass, daylight signal, AIS, VHF, radar,
echo sounding, ARPA.
Cargo operation procedure for chemicals is complex, and various equipment are
required: stainless steel or coating tank, piping system, cargo pump, tank ventilation
system, ballast system, steam connection circuit for cargo, pipe cleaning equipment,
various valves, expansion joints, flanges, cargo hatch and cover, etc. Corrosion of
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inside of cargo hold, wearing extend of gasket, maintenance for valves, and the testing
report for P/V valve are important for safety.
Cargo management equipment should not be neglected, including the environment
control system for cargo hold (like the inert gas generator), temperature control
system, cargo heating system, refrigeration plant, and main deck spray system.
The life saving appliances should be provided onboard as related regulations required,
including life boat, inflatable life raft, distress signal, etc. Technical condition of
fixed fire fighting system, fire extinguisher, fireman outfit and other fire fighting
equipment should be checked carefully.

Pollution prevention and individual

protection should also be considered, including protective suits, helmets, gas mask,
eye-wash equipment, etc.
Chemical are different from other cargoes, therefore special equipment are necessary,
such as the oxygen detector, level detector for cargo hold, and various alarm systems.
Equipment and related facilities onboard in chemical tankers are complicated. They
must be operated carefully, the work condition of equipment is precondition for
navigation safety, and therefore it is chosen as an index.
While analysis on equipment, the number and types of them must satisfies the
requirements of related regulations. To ensuring the equipment working in good
condition, good performance on repair and maintenance should be guaranteed.
Due to the variety and different properties of cargoes, it is difficult for the crew to
familiarize with all the properties. Usually, more than one kind of chemicals is carried
onboard. More catalogs of cargoes means more difficult job for crewmembers and
the possible chemical reaction among these cargoes creates potential risk for safety.
Thus, the danger of single cargo, the number of cargo catalogs, and the possibility of
chemical reaction among cargoes constitute the cargo factor.
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The danger of cargo onboard is important for the safety of a ship. According to the
cargoes listed in IMDG CODE, the properties and dangers are quite different. There
are more than one standard to classify chemicals, including pollution risk, possibility
of interaction, risk for igniting and poison, etc. Every standard is reasonable; however,
it is impossible to choose the best one. Considering various factors, this paper adopts
the packaging dangerous cargo catalog of IMDG CODE. On the basis of different
dangers, cargoes can be classifies into 3 parts: high risk, mid risk, low risk. When it
comes to the ship with more than one cargo onboard, the ship will be classified with
higher level risk.
With the chemical industry developing, the catalogs of chemic products are increasing.
The kinds of cargo carried by chemical tankers are much more than other ships, and
the various chemical properties of cargoes directly result in the increasing work load
and difficulty of crewmembers.
During the transportation step, stowage of various chemicals is very complicated; a
little fault may result in a disaster. Sometimes, the stowage plan is so complicated that
it must be created by professionals rather than crewmembers. The increasing cargo
kinds increase crew’s workload. During the loading and discharging steps, the ship
must shift frequently, making it very easy for seafarers to get tired.
As everyone knows, when different chemicals contact others, chemical action is easy
to happen, and some new products will be produced. The procedure may cause risk,
and result in toxic gas, heating, fire, explosion and cargo hold overflow or broken.
The chemicals have high possibility reacting with others must be separated carefully,
and the cargo holds must be isolated by empty holds, cargo hold with safety
chemicals, etc. And the pipe and ventilation system between the cargoes must be
disconnected. If the cargo loaded is easy to react with the previous cargo, tank
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washing is necessary. Thus, crews must be familiar with the chemical properties and
the reaction principle of cargoes.
3.2.3 Environmental Factors
Environment is an external factor for maritime casualty, with direct impact on ship
safety. The difficulty of operation is affected by the environment. This paper will
consider wind, waves, thunder, temperature, and vessel traffic flow.
Terrible weather conditions will increase the difficulty of navigation. The chemical
cargo operation usually creates toxic gas. The wind velocity determines the spreading
speed of toxic gas, and the damaged location positions in direction of wind. (Sun
L.X.2006.pp12) If the operation faces heavy wind and wave, the body of the vessel
will shake heavily. Furthermore, there is potential risk to disconnect the cargo pipe.
Wind and wave also affect wash tanker during sailing, and decrease the performance
of mobile tank cleaning machine.
Generally speaking, when the velocity of wind is more than 15m/s, or the height of
wave higher than 1.5m, cargo operation should be prohibited. In this assessment
system, wind and wave are classified into 4 groups: group I, the wind is weaker than
Beaufort level 3; group II, Beaufort level4 to 5; group III, Beaufort level 6 to7;
group IV, over Beaufort level 8.
When the storm is coming nearby the ship, the potential thunder is very dangerous.
All the operations that may cause inflammable gas leakage should be stopped,
including wash tanker, cleaning pipe. Thunder risk classified into 4 groups: groupⅠ,
no thunder risk; groupⅡ, it is possible to meet thunder in 6 hours, and it is possible to
have accidents; groupⅢ, high possibility to meet thunder in 2 hours, or the effect of
thunder have been shown up, and the thunder is estimated to continue; group Ⅳ, it is
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highly possible to meet thunder in 2 hours, or strong thunder have been observed, and
the thunder disaster is likely to happen.
Most maritime accidents takes place in the area near ports and the density of traffic
flow in this area is much higher than other places. The safety of vessel usually is
affected by the nearby vessels. Besides fulfill own responsibilities, the crews must
pay attention to other vessels. The more vessels appearing, the more complicated the
environment is.
When the external temperature is low, crewmember should execute proper action to
protect equipment and cargo system from ice. Meanwhile, crews should pay attention
to air valve, control system, fire pipe and hydrant, steam equipment, cargo heating
system, pressure/vacuum valve, etc.

Low temperature tests the reliability of

equipment and the safety of cargo operation, meanwhile, the high temperature will
promote evaporation of liquid cargo. The chemic vapours bring harmful gas into air,
and enlarge the damage area. Thus, high temperature increases the toxic risk for
environment.
3.2.4 Management Factor
To judge the safety of a vessel, not only the hardware onboard should be considered,
but also the software should be paid attention to. Besides checking the condition of
the hull, structure, equipment, valid certificates and documents is necessary, company
should arrange qualified crews onboard, and ensure they are properly trained for the
job.

These management businesses need the cooperation between companies,

government, and interested parties.
Safety management means managing the human-machine-environment-management
system for a single vessel, using modern technique to eliminate the risks for accident,
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and establishing protection system as far as possible to reduce the potential accident
damage.
Among the world maritime casualties, 80% of them involve with human factors.
Among these human factors, 80% are related to the management. Among these
management factors, 80% cases with specifically refers to the company management.
(Wu Z.L.2006.)
To reduce the human faults, IMO produced the ISM CODE, requiring the shipping
companies to establish and execute the safety management system. To ensure the
performance of this system, IMO established audit and certificate regulations.
Management should consider the human factors, vessel factors, and the environment,
and emphasize the cooperation between these factors.

Effective training will

obviously promote the behavior of human, especially for the people with little
experience. Thus the safety pre-job training is an effective method to improve the
qualification of crews.

The training of officers and engineers should focus on

supervising and responsibilities. Ordinary crew should realize the importance of
safety, and the new crews should familiarize with relevant regulations.
Navigation is a practical activity, and training onboard is a transition from theory to
practice. The importance of training onboard can be describled by this diagram:
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Figure 3- Importance of training onboard
Source: Huang Y.L (2005).pp93-96.

According to this diagram, even a highly educated person, without effective training
and practice onboard, will find it difficult to fulfill the job onboard. Using the school
knowledge in working practice can test the true ability. To illustrate the effects of
different management factors, this article assesses the company management from 3
parts: pre-job training, ISM implementation, and safety training onboard.
The most important target for companies is profit, but it usually conflicts with safety
management, and results in accidents. Thus the management of governments and
other interest parties is necessary.
Government can push the companies without necessary qualification out of the
market, Classification Society should ensure the technical condition of vessels to
satisfy the requirements of convention and other regulations; Port State Control and
Flag State Control officers should guarantee the safety of operation in port. All of
these parties should cooperate with each other to ensure the safety. Furthermore,
government should establish laws and regulations to specify the responsibility of
these parties.
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The concept of maritime safety culture means the sum of all the safety procedures,
safety living, environment protection spirit and behaviors created by shipping related
industries during the shipping activities. It combines the maritime safety value and
safety behavior principle. (Hao Y.G. 200.pp 66-69)
The safety culture of government leads to the maritime safety culture, including
maritime safety laws, standards, policies, supervision, emergency disposal, etc. For
the shipping companies and other interest parties, managers should promote
employees to identify with the safety culture, since the attitude and behaviors of
employees are more important. Maritime safety culture has a close relationship with
the management level of company, thus it can represent the management of company
partially.

3.3 Assessment System for Bulk Chemical Tanker
Considering the previous research and experience of experts, and according to the
above-mentioned analysis on the safety factors of bulk chemical tanker, the
assessment system is formed. This system focuses on the human factors, vessel and
cargo factors, environment factors, and management factors. 22 specific factors are
chosen to assess the safety of bulk chemical tankers.
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Figure 4- Safety Assessment system for bulk chemical tanker
Source: compiled by author
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Chapter IV Safety Assessment Model for Bulk Chemical Tanker
The target of safety assessment is system safety. Following professional procedures
and methods, assessors investigate and analyze on the dangerous factors and
possibility of accidents in system, in order to provide advisory information for system
safety assessment and accident prevention action.
Currently, there is various assessment methods used in current industries.

The

compulsory methods are: reliability evaluation, probabilistic risk assessment, gray
system evaluation, neural net evaluation, fuzzy comprehensive evaluation. The gray
correlation analysis and fuzzy comprehensive evaluation are widely used in shipping
industry.

4.1 Gray Correlation Analysis
Gray system theory is established on the basis of system theory, cybernetics and
information theory, created by Chinese professor Deng Julong in the 1980s.
According to cybernetics, systems with all the information opened are called white
systems.

Systems with information fully covered are called black systems, and

systems with partial information opened are called gray systems.
Correlation means the extent of factors impact on the final result, during the
procedure of gray correlation analysis, the substance of correlation analysis is to
compare the curve of factor with the curve of result. The more the geometrical shape
of these curves are similar, the greater the degree of correlation. (Liu S.F.2004) Gray
system theory tries to analyze the correlation extent of subsystems in order to find the
specific quantization relationship among them. Gray correlation analysis is helpful for
finding the main cause of the final result.
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The steps of gray correlation analysis are as follows:
(1)Determine the standard data array which can represent the behavior characteristics
of the system and the comparing sequence that impact on the system action.
(2)Nondimensionalize the standard data array and the comparing sequence. Due to
the various physical significances of factors in system, the dimensions of data are
different, so it is difficult to compare.

Thus, nondimensionalize the data before

analysis is necessary.
(3) Determine the correlation coefficient
The curves can represent factors and system clearly, thus analysis on the curves can
reflect the correlation.
Original factors subsequence {X0(i)} and sub factors subsequence {Xj(i)}can be
expressed as :
X0(i) ={X0(1), X0(2),…,X0(n)}
Xj(i)={Xj(1), Xj(2), … ,Xj(n)}
And, j =1, 2… n; i=1, 2… n;
The correlation coefficient between {X0(i)} and {Xj(i)} can be calculated with this
format:

min min X 0(i) - Xj (i)   min min X 0(i) - Xj(i)

 0 j＝

j

i

j

i

X 0(i) - Xj(i)   max max X 0(i) - Xj(i)
j

In this format,

  ji 

i

is the correlation coefficient at the moment of i.

distinguishing coefficient.

The function of

difference among correlation coefficients, 0＜
(4) Determining the extent of correlation
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is

is increasing the significance of

 ＜1, usually the value is 0.5.

As the correlation coefficient is the value of correlation extent between standard data
array and comparing sequence at different times, it depends on the value of i, thus the
value of correlation coefficient is various. To analyze the whole system, comparing
the various figures is not a good choice. Thus it is necessary to concentrate on the
value of correlation coefficient. The format for extent of correlation is described as
follows:

r0 j

1

N

N

  i 
0 j

i 1

N is the number of figures.
(5) Determining the absolute correlation degree

 0 i＝

s
s  s
1

1

0



0

i



s
s

i

i



s

0

Therefore, before establishing the gray system, there are something to be considered:
Specify the relationship among factors and factors with system;
Consider dynamic factors
System model can be controlled
Analysis system with the model

4.2 Fuzzy Comprehensive Evaluation
Fuzzy theory is established by the American professor L.A.zadeh in 1965. He
produced the new concept ‘fuzzy subset’, and brought in the ‘membership function’.
Fuzzy set is the cornerstone of fuzzy theory. The sum of elements with certain
properties in varying degrees is called a fuzzy set. It is difficult to describe the fuzzy
concept accurately.
Y.B.2006)
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Fuzzy set is useful to provide quantitative description. (Lv

4.2.1 Properties for Fuzzy Quantitative Description:
Quantitative analyze fuzzy factors which is objective existence, therefore the analysis
conclusion is more in line with objective reality;
Give full consideration to the intermediary transitional nature of things. During this
procedure, select a certain state, give a series of different levels safety analysis results,
and provide support information for engineering and technical personnel to make
decision.
Fuzzy comprehensive evaluation involves three elements: factors set, assessment set,
and single factor assessment.
1. Factors set U = {u1, u2,…, un}, it is composed of factors in the judged object;
2. Assessment set V = {v1, v2,…, vn} ,it is composed of the assessment result;
3. Single factor assessment, first judge the single factor Ui(i=1,…,n).
4.2.2 The Procedure of Fuzzy Comprehensive Evaluation
(1) Establish assessment factors set. Factors set U is composed of the factors impact
on judged object, described as U= {U1,U2,…Un}
(2) Establish weight sets of assessment factors. According to the different importance
of factors, they will be given different weights. The average weight sets can be
expressed as:
n

w
W= {W1, W2… Wn}, and

i

i1

1
, Wj≥0 j=1, 2…n

The core job of Fuzzy Comprehensive Evaluation is to determine the weight of
assessment factors and subordinating degree function.
belong to different hierarchies.

Usually the safety factors

For the multilayered structure object, Analytical

Hierarchy Process is helpful. Analytical Hierarchy Process is to synthetically analyze
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the data, experts’ opinion, and judgment. Determine the factors in a system, find the
relationship among them, and specify the membership function. The relationship of
factors in different hierarchies is illustrated as figure 5:
Target

Principle

Principle 2

Principle 3

Sub-Principle 1

Sub-Principle 2

Sub-Principle 3

Plan 1

Plan 2

Plan 3

Figure 5 - The relationship of factors in different hierarchies
Source: Wang S.T (1995)

There are 3 steps to determine the weights for assessment factors:
(1) Establish Judgment Matrix and Scale for Every Hierarchy.
Information is the precondition for system analysis, and the main source of
information for Analytical Hierarchy Process is the judgments for importance of
factors. With the necessary scale, a judgment matrix is produced. If the factor Bk in
hierarchy B is related to the factors in hierarchy C, a judgment matrix can be
described by the following format:
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Table 1-Form of Judgment Matrix
C2
…
Cn

BK

C1

C1

C11

C12

C2

C21

C22





Cn

Cn1

…

C1n

…



C2n


Cn2

…

Cnn

Source: Xiong Qicai (2005). Theory and applying for math model, Chongqing: Chongqing University
press.

The factor in the judgment matrix {Cij} means during all the factors impact on Bk,
compare the importance of factor i and factor j. To quantization the judgment, 1-9
scale methods established by Saaty is useful.

Scale

Table 2- 1-9 Scale for Quantization of Judgment
Meaning

1

Comparing the 2 factors, the importances are equal

3

Comparing the 2 factors, one is a little more important than
the other

5

Comparing the 2 factors, one is obviously more important
than the other

7

Comparing the 2 factors, one is intensely more important
than the other

9

Comparing the 2 factors, one is extremely more important
than the other
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2，4，6，8

Comparing the 2 factors, the grap between former
situations

reciprocal

One factor is less important than the other, use the
reciprocal of former figure

Source: Lenard. (1987). An Object-Oriented approach to model management. Proceedings of the 20th
annual Hawaii international conference on system science.

(2) Consistency Check for Judgment Matrix
The index for consistency check follows this format:

CR 


 n
CI
 m ax
RI
n 1

RI

Therefore, n is the dimension of judgment matrix, RI is random index for consistency.
When n is valued from 1 to 9, establish 500 sample matrixes respectively, and then
evaluate the index for consistency CI. The average value of CI is RI.

2

Table 3- Value of RI
3
4
5
6

n

1

RI

（0） （0） 0.58

0.9

1.12

1.24

7

8

9

1.32

1.41

1.45

Source: Compiled by the author.

When n is 1 or 2, the judgment matrix is always in accordance with each other.
When n is more than 2, it is widely accepted that if CR＜0.1, then the judgment
matrix is acceptable, otherwise it should be adjusted.
Determine the Weights of Assessment Factors in Every Scale

- 32 -

If all of the judgment matrixes satisfy the requirement of consistency, then evaluate
the eigenvectors corresponding to the maximum characteristic root in every scale and
execute normalized processing.
(4) Establish Evaluation Set
V =｛v1, v2, …, vn ｝
Usually, Vj is the degree of membership for different assessment levels. Assessment
standard should combine the experts’ opinion, analysis data, and experience. The
target of fuzzy comprehensive evaluation is considering all the compact factors of
object, and choosing the best assessment result from the evaluation set.
(5) Establish fuzzy judgment matrix for single factor R (rij )

 r11
r
R   21
 

 rn 2

r12



r22







rn 2



r1m 
r2 m 
 

rnm 

(6) Fuzzy comprehensive evaluation
Considering multi-factors, the fuzzy comprehensive evaluation model is:

B  A  R
 r1 1
r

B  ( a1 , a 2 ,  , a n )   21
 

 rn 2

r1 2
r2 2









rn 2

r1 m 
r2 m 

 

rn m 

 ( b1 , b 2 ,  , b n )
Therein, bj is the degree of membership for NO. j factor to the assessment.
In practice, some assessment factors consist of sub-factors. It is difficult to determine
the degree of membership, and then execute single hierarchy judgment, using the
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result as membership degree for assessment object in the next hierarchy. This is
multiple-hierarchy fuzzy comprehensive evaluation.
(7) Dispose Evaluation Index
While the evaluation index bj (j=1, 2…m) is determined, use the following methods to
evaluate assessment result:
1. According to the principle of maximum membership degree, choosing the
judgment factor Vj corresponding to bj with the max membership degree as final
assessment result. However, just considering the contribution of the most important
factor, abandon the information of other factors. Furthermore, if there is more than
one maximum membership degree, this method will be not suitable.
2. Weighted average, choose the average of various assessments as final result:
m

v 

m

 b v  b
j

j

j 1

j

j 1

m

If evaluation indicators have been normalized, that means

b 1, then
j

j1

m

v 



b jv j

j 1

When the assessed object is numerical numbers, just evaluate according to this format.
If it is not number, for instance, the judgment set is V= {excellent, good, medium,
poor}, there is another method that quantize these factors. Just valve them.
3. Fuzzy distribution method. Just use the judgment indiex as result, or normalize the
judgment indice.

4.3 Establish Safety Assessment Model for Bulk Chemical Tankers
Safety assessment for ships is to assess the safety factors, and the target is to judge
whether or not the safety factors system of ship satisfy the predefined safety standards.
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Therefore, according to the assessment, adjust or improve the system, execute
prevention actions, and reduce the possibility of accident.
4.3.1 Establish Assessment Factor Set
The assessment set is composed of the factors impact on assessed object, expressed as
U= {u1, u2… un}.
According to previous analysis, the following factors sets can be determined:
U= {U1 (human factors), U2 (ship and cargo factors), U3 (environment factors), U4
(management factors)}
U1 ＝ {U11 (Physical and psychological quality),

U12 (experience and length of

service), U13 (Background of education), U14 (competency of crew), U15 (Safety
awareness)｝
U11=｛U111 (physical quality), U112 (psychological quality)｝
U14=｛U141 (decision-making ability for management level), U142(emergency strain
response ability for operation level)｝
U2=｛U21(ship equipment), U22(cargo factors)｝
U21=｛U211(reliability of equipment), U212 (type of equipment), U213(maintenance of
equipment)｝
U22= ｛ U221(danger of cargo), U222(number of cargo kinds), U223(possibility of
chemical reaction among cargoes)｝
U3= ｛ U31(wind and wave), U32(thunder), U33(temperature),U34(density of vessel
traffic flow)｝
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U4= ｛ U41(safety management of company), U42(supervision from government),
U43(safety culture)｝
U41= ｛ U411 (pre-job training), U412(safety training onboard),U413(performance of
SMS)｝
In this thesis, using analytic hierarchy process to compare the importance of factors,
all the factors will be put into 3 hierarchies. The first hierarchy consists of 4 main
factors for bulk chemical tanker safety, including human factors, ship and cargo
factors, environment factors, and management factors. In the second hierarchy, main
factors will be divided into sub-factors; several sub-factors will be divided into the
third hierarchy.

And then execute analytic hierarchy process; assess the lower

hierarchies result in the judgment vector for higher hierarchies.
Due to the differences of factors importance, various weights wi should be given to
the factors ui. The weights set w is recorded as
W  w1 , w2 , , wn 
n

w

i

1

wi ≥0

i 1

4.3.2 Establish the judgment set
Judgment set consists of all the judge result for target object, which can be expressed
as

V 

v 1 , v 2 , 

vm



Therein, Vj (j=1, 2, …, m) is the possible assessed result. Fuzzy comprehensive
evaluation is to consider all the impact factors, and to choose the best assessment
result from the judgment set. The higher level of judgment means a more accuracy
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result; meanwhile the procedure is more complicated. Thus, determining the level is
important.
This thesis determines the level of comprehensive evaluation and single factor
judgment are5 respectively, such as

V 

v 1 , v 2 , v 3 , v 4 , v 5 

=｛very low risk, low risk, risk, higher risk, very high risk ｝
For the convenience of evaluation, adopting fuzzy figure｛－2, －1, 0, ＋1, ＋2｝to
represent the level .
4.3.3 Determine Weight Set
Considering the convenience and accuracy of calculation, this thesis adopts expert
investigation to determine the weight. Using the experience of related research, a
questionnaire is conducted; the investigated experts are familiar with bulk chemical
tankers. Finally, we received 73 replies. The experts include masters, chief mates,
second mates, PSCOs, and professors.
Here, the data was calculated with the method of geometric mean, and use root to do
the sorting in single hierarchy. If there are m experts, then
m

a ij 

m



a i(j k )

k 1

(1) The factors in A multiply with each other by lines
n

u ij 



j1
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a ij

(2)

u

All

of

i



the

calculated

u

n

results

extraction

of

n

root,

respectively,

ij

(3) normalize the root vector; the result is feature vector W,

wi 

ui
n



ui

i 1

(4)Calculate the max characteristic root of thejudgment matrix
n

 m ax 


i 1

( A W )i
nWi

(5)Check the consistency of the judgment matrix
According to the former format for consistency index CR, checking the consistency is
necessary for the reliability of results.
As there are various factors in this thesis, it is complicated to calculate the weights,
here just illustrate the calculation of one factor.
The data of this table is copied from one questionnaire; the picture is shown in
appendix.
Table 4- data collect from one questionnaire
Human factors Ship and cargo Environment factors Management factors
Human factors

1

2

5

3

Ship and cargo

0.5

1

3

0.33

0.2

0.33

1

0.33

0.33

3

3

1

Environment
factors
Management
factors
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Source: Compiled by the author.

1, Establish judgment matrix

 1
 0.5

 0.2

 0.33

2
1

5
3

0.33
3

1
3

3 
0.33 

0.33 

1 

2, Multiply the factors of matrix in lines,
M1=1×2×5×3=15
M2=0.5×1×3×0.33=0.495
M3=0.2×0.33×1×0.33=0.02178
M4=0.33×3×3×1=2.97
(3) Calculate the nth root of M
W
W
W
W

1
2
3
4



4



4

0 .4 9 5  0 .8 4



4

0 .0 2 1 7 8  0 .3 8



4

2 .9 7  1 .3 1

1 5  1 .9 7

T

(4) Normalize the vector
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T

W  W 1 ,W 2 ,W 3 ,W 4   1.97,0.84,0.38,1.31

n

W

j

 1.97  0.84  0.38  1.31  4.5

j 1

W1

W1 

 1.97  4.5  0.44

n

W

j

j 1

W2

W2 

 0.84  4.5  0.19

n

W

j

j 1

W3

W3 

 0.38  4.5  0.08

n

W

j

j 1

W4

W4 

 1.31  4.5  0.29

n

W

j

j 1

T

And then result in the feature vector

W =  0.44,0.19,0.08,0.29

Calculate the max characteristic root of judgment matrix max
2 5
3   0.44   2.09 
 1
 0.5
1
3 0.33  0.19   0.75 
AW  


 0.2 0.33 1 0.33  0.08  0.33 

 
 

3 3 1   0.29  1.25 
 0.33

n

max

( AW )i

i 1 nWi

=2.09÷ （ 4×0.44 ） +0.75÷ （ 4×0.19 ） +0.33÷ （ 4×0.08 ） +1.25÷ （ 4×0.29 ）
=4.29
(5) Calculate the consistency
CR =

CI max  n

RI  0.11  0.1
n 1
RI

Thus the result satisfies the requirement of consistency.
Following previous calculate procedures, the weights are determined:
The weights of four main factors in first hierarchy are:
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U= {weight of human factors, weight of ship and cargo factors, weight of
environment factors, weight of management}={0.483，0.138，0.107，0.272}
Weights of factors in second hierarchy are:
Weight of human factors U1 = {physic and psychological, background of education,
competency, safety awareness} =｛0.119,0.151,0.138,0.391,0.201｝
Weights of hip and cargo factors U2 = {equipment onboard, cargo factors} =
｛0.581，0.419｝
Weights of environment factors U3 = {wind and wave, thunder, temperature, density
of vessel traffic flow} =｛0.266，0.303，0.163,0.268｝
Weights of management factors U4 = {safety management of companies, supervision
of government, safety culture} =｛0.357，0.341，0.302｝
Weights of factors in third hierarchy:
Weights of physical and psychological factors U11{physical, psychological}

=

｛0.513，0.487｝
Weight of crew competency U14 = {decision-making ability, emergency response
ability} =｛0.523，0.477｝
Weight of equipment onboard
U21=｛reliability of equipment, type of equipment, maintenance of equipment｝=
｛0.345，0.345，0.310｝
Weights of cargo factors U22 = {danger of cargo, number of cargo kinds, possibility of
interaction among cargoes} =｛0.358，0.281，0.361｝
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Weights of company safety managementU41 ={pre-job training, safety training
onboard, performance of SMS} =｛0.326，0.295，0.379｝

4.3.4 Determine the Membership Degree of Factors
Determining the membership degree is important for the assessment system, and there
is more than one method to finish this job. Adopting the experts’ investigation, this
thesis collects the experts’ opinion and calculates. The result will be affected by the
subjective judgments; however, this impact can be reduced with a large scale of data.
The membership degrees are as follows:
(1) Human Factors
Table 5-Value for Different Level of Decision-Making Ability
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
90～100(Excellent)

1

0

0

0

0

80～90 (Good)

0.2

0.7

0.1 0

0

70～79（Medium） 0

0.2

0.6 0.1

0.1

60～69（Poor）

0.1

0.1 0.3

0.5

0

Source: Compiled by the author.

Table 6-Value for Different Level of Emergency Response Ability
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
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90～100(Excellent)

0.9

0.1

0

0

0

80～90 (Good)

0.2

0.6

0.2 0

0

70～79（Medium） 0

0.2

0.5 0.2

0.1

60～69（Poor）

0

0.2 0.5

0.3

0

Source: Compiled by the author.

Table 7-Value for Different Level of Safety Awareness
Level of Assessment
Indicator

Very

Low Low

Risk

Risk

k

Risk

90～100(Excellent)

1

0

0

0

0

80～90 (Good)

0.2

0.7

0.1 0

0

70～79（Medium） 0

0.2

0.5 0.2

0.1

60～69（Poor）

0

0.1 0.5

0.4

0

Ris High

Very High Risk

Source: Compiled by the author.

Table 8-Value for Different Level of Education Background
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Postgraduate
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0.4

0.5

0.1 0

0

undergraduate

0.2

0.4

0.3 0.1

0

Secondary Technical School 0.1

0.3

0.5 0.1

0

High School or Below

0.1

0.2 0.6

0.1

0

Source: Compiled by the author.

Table 9-Value for Different Level of Experience
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
More Than 10 Years 0.6

0.4

0

0

0

6 to 10 Years

0.3

0.5

0.2 0

0

Less Than 6 Years

0

0.2

0.6 0.2

0

Source: Compiled by the author.

Table 10-Value for Different Level of Physical Quality
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Excellent

0.7

0.2

0.1 0

0

Good

0.4

0.4

0.2 0

0

Medium

0

0.3

0.5 0.2

0

Poor

0

0

0.3 0.6

0.2

Source: Compiled by the author.

Table 11-Value for Different Level of Psychological Quality
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Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Excellent

0.8

0.1

0.1 0

0

Good

0.3

0.4

0.3 0

0

Medium

0

0.2

0.6 0.2

0

Poor

0

0

0.3 0.5

0.2

Source: Compiled by the author.

(2) Ship and Cargo Factors
Table 12-Value for Different Level of Reliability of Equipment
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Excellent

0.7

0.2

0.1 0

0

Good

0.1

0.6

0.3 0

0

Medium

0

0.2

0.7 0.1

0

Poor

0

0

0.2 0.5

0.3

Source: Compiled by the author.

Table 13-Value for Different Types of Equipment
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Excellent
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0.8

0.1

0.1 0

0

Good

0.3

0.6

0.1 0

0

Medium

0

0.1

0.7 0.2

0

Poor

0

0

0.1 0.6

0.3

Source: Compiled by the author.

Table 14-Value for Different Level of Maintenance of Equipment
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Excellent

0.7

0.2

0.1 0

0

Good

0.1

0.5

0.4 0

0

Medium

0

0.2

0.6 0.2

0

Poor

0

0

0.2 0.7

0.1

Source: Compiled by the author.

Table 15-Value for Different Level of Cargo Dangerous
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Very dangerous

0

0

0.2 0.3

0.5

Dangerous

0

0.2

0.5 0．2

0.1

Low dangerous

0.1

0.5

0.2 0.1

0

Source: Compiled by the author.
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Table 16-Value for Different Number of Cargoes Onboard

Level of Assessment
Indicator

Very
Low Risk

Low Risk Risk

High Risk

Very High
Risk

More than25

0

0

0

0.1

0.9

15～25

0

0

0.1

0.2

0.7

10～15

0

0.1

0.1

0.6

0.2

5～10

0.1

0.1

0.5

0.3

0

3～5

0.2

0.6

0.3

0

0

1～2

0.3

0.5

0．2

0

0

Source: Compiled by the author.

Table 17-Value for Different Reaction Possibility among Cargoes
Level of Assessment
Indicator
Very Low Risk

More than 7 pair cargoes
cannot be stowed together
4 to 6pair cargoes cannot be
stowed together

Risk

Risk

High

Very

Risk

Risk

0

0

0.1

0.1

0.8

0

0

0.2

0.5

0.3

0.1 0.6

0.3

0

1 to 3pair cargoes cannot be 0
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Low

High

stowed together
No cargo cannot be stowed
together

0.1

0.6 0.3

0

0

Source: Compiled by the author.

(3) Environment Factors
Table 18-Value for Different Level of Wind and Wave
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk

Very

High

Risk

Very Heavy （ over Beaufort
0

0

0

0

1

Heavy（Beaufort 6 to 7）

0

0

0.1 0.2

0.7

Normal（Beaufort 4 to 5）

0

0.1

0.8 0.1

0

Weak（Beaufort 0 to 3）

0.4

0.5

0.1 0

0

8）

Source: Compiled by the author.

Table 19-Value for Different Level of Thunder
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
I

0

0

0

II

0

0

0.1 0.8
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0

1
0.1

III

0

0.1

0.5 0.4

0

IV

0.1

0.9

0

0

0

Source: Compiled by the author.

Table 20-Value for Different Level of Density of Vessel Traffic Flow
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Serious Traffic Jam

0

0

0

0.1

0.9

Traffic Jam

0

0

0.1 0.8

0.1

Normal

0

0.1

0.5 0.4

0

Unimpeded

0.1

0.9

0

0

0

Source: Compiled by the author.

Table 21Value for Different Level of Temperature
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
＞30℃

0

0．2

0.3 0.4

0.1

0℃～30℃

0

0.3

0.5 0.2

0

≤0℃

0

0.1

0.4 0.4

0

Source: Compiled by the author

(4) Management Factors
Table 22-Value for Different Level of Pre-job Safety Training
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Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
90～100(Excellent)

0.7

0.3

0

0

0

80～90 (Good)

0.1

0.8

0.1 0

0

70～79（Medium） 0

0.1

0.7 0.1

0.1

60～69（Poor）

0

0.3 0.5

0.2

0

Source: Compiled by the author

Table 23-Value for Different Level of Safety Training Onboard
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
90～100(Excellent)

0.9

0.1

0

0

0

80～90 (Good)

0.1

0.8

0.1 0

0

70～79（Medium） 0

0.1

0.8 0.1

0

60～69（Poor）

0

0.2 0.6

0.2

0

Source: Compiled by the author

Table 24-Value for Different Level of Performance of SMS
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
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90～100(Excellent)

0.7

0.3

0

0

0

80～90 (Good)

0.1

0.7

0.2 0

0

70～79（Medium） 0

0.1

0.6 0.2

0.1

60～69（Poor）

0

0.2 0.5

0.3

0

Source: Compiled by the author

Table 25-Value for Different Level of Supervision of Government
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Excellent

0.8

0.2

0

0

0

Good

0．1

0.7

0.2 0

0

Medium

0

0.2

0.6 0.2

0

Poor

0

0

0.3 0.5

0.2

Source: Compiled by the author

Table 26-Value for Different Level of Maritime Safety Culture
Level of Assessment
Indicator
Very Low Risk Low Risk Risk High Risk Very High Risk
Excellent

0.9

0.1

0

0

0

Good

0.1

0.8

0.1 0

0

Medium

0

0．1

0.6 0.2

0.1
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Poor

0

0

0.1 0.7

0.2

Source: Compiled by the author

4.3.5 Fuzzy Comprehensive Evaluation
According to the assessments of single factors, calculate the level of assessment for
 ）
factors, and result in the fuzzy matrix R
（r
ij

 r11 r12
r r
R   21 22



rn2 rn2

 r1m 
 r2 m 

  

 rnm 

When the membership degree and weights of factors are determined, the next job is to
choose the fuzzy operator. This thesis adopts weighted average fuzzy operator.
M ( ,  )
m

b j    ai rij（i  1, 2,, n）
j 1

Following this fuzzy operator, fuzzy judgment set B is achieved.

B  A  R
 r1 1
r
B  ( a 1 , a 2 ,  , a n )   2 1
 

 rn 2

r1 2



r2 2

rn 2





r1 m 
r2 m 
 

rn m 

 ( b1 , b 2 ,  , b n )
First conduct single sample assessment in third hierarchy, and use the result as
membership degree for factors in second hierarchy. Repeat this procedure, and finally
achieve the judgment vector B 。
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Modify the Assessment Result
Here the author adopts the centroid method to modify the previous result
n

 b (v )  v
i

M 

i 1
n

 b (v )
i

i 1
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i

i

4.3.6 Case Testify
M/V ‘YOUSHEN 2’: bulk chemical tanker, registered in Shanghai, China, operated
by Sinochem International Co., Ltd. It is cataloged as type Ⅱ. The keel was laid in
2001, and surveyed by CCS, LOA 123.17m, Breath 20m, Depth 11.2m, Summer draft
8.753m, DWT 6843, cargo capacity 13571 cubic meter, 22 stainless steel cargo holds
and 12 coating holds.
During this voyage, the catalog of cargoes onboard is 12, and these cargoes are loaded
from Singapore, Thailand, and Malaysia respectively.

The cargo information is

provided in the appendix.
Information of the assessment factors are as follows:
Table 27- Investigate Information of Human Factors
Information of Investigation
Assessment

Indicator

Most crews have good physical fitness, but the
Physical Quality

workload is very high, tense operation
The contract is less than 6 moths.

Psychological quality

Medium

Psychological

quality of crews is good

Good

Rich experiences of service on board for a long
Experience

time, but short time on bulk chemical tankers

＜6 Years

Education

Most from college

College
80～90(Good)

Decision-Making Ability
Most of the deck officers and engineers were
Emergency
Ability

Response chosen clearly, but some have less experience on
board of bulk chemical tankers
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80～90(Good)

Safety Awareness

Operate company and captain focus on

80～90(Good

Source: Compiled by the author

Table 28- Investigate Information of Ship and Cargoes
Information of Investigation
Assessment

Indicator
Reliability

of
Just pass the vetting inspection and the inspection

Equipment

Good

of CCS, the technical condition and arrangement
Types of Equipment

of equipment are good

Maintenance

Good

Danger of Cargo
Number

of

Good

Two kinds of cargo have high pollution risk

Very High Risk

12

10～15

no

no

Cargo

Kinds
Possibility of Cargo
Reaction

Source: Compiled by the author

Indicator

Table 29- Investigate Information of Environment
Information of Investigation

Assessment

Wind and Wave

Acuter measured wind is Beauport 2

Weak

Thunder

June is likely to have thunder

Ⅱ

Temperature

Yangpu is very hot in June

＞30℃

There are 12 oil tankers and 3 chemical tankers in
Vessel Traffic Jam nearby anchorage
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Traffic Jam

Source: Compiled by the author

Table 30- Investigate Information of Environment
Information of investigation

Indicator
Safety

Pre-job Companies

Training
Safety

established

effective

Assessment

pre-training
80～90(Good)

system
Training Conduct training onboard according to relevant

Onboard

80～90(Good)

regulations
Company has good performance in the audit report

Performance of SMS
Supervision
Government

80～90(Good)

given by Cina MSA
of The authorities in China and Singapore supervise
ships strictly

Good

This concept was brought into the shipping
Safety Culture

industry just a few years ago

Normal

Source: Compiled by the author

Calculate these factors with the former model
Membership

degree

of

crew

physical

fitness

and

psychological

quality

 0 0.3 0.5 0.2 0 
=

 0.3 0.4 0.3 0 0 
Weights of crew physical fitness and psychological quality =｛0.513，0.487｝
 0.2 0.7 0.1 0 0 
Membership degree of crew competency = 

 0.2 0.6 0.2 0 0 
Weight of crew competency =｛0.523,0.477｝
 0.15 0.35 0.40 0.10 0
 0.3 0.5 0.2
0
0

Membership degree of human factors =  0.2 0.4 0.3 0.1 0 


0 0 
 0.2 0.65 0.15
 0.2 0.7 0.1
0 0 
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Weight of human factors=｛0.119, 0.151, 0.138, 0.391, 0.201｝
 0.1 0.6 0.3 0 0 
Membership degree of ship factors =  0.3 0.6 0.1 0 0 
 0.1 0.5 0.4 0 0 

Weight of ship factors =｛0.345, 0.345, 0.310｝
0 0.2 0.3 0.5
0

Membership degree of cargo factors =  0 0.1 0.1 0.6 0.2 
 0.1 0.6
0.3 0 0 

Weight of cargo factors=｛0.358, 0.281, 0.361｝
0
0 
 0.17 0.57 0.26
Membership degree of ship and cargo factors = 

 0.03 0.20 0.21 0.28 0.24 
Weight of ship and cargo factors=｛0.581，0.419｝
0.1 0 0 
 0.4 0.5

Membership degree of environment factors =  0
0 0.1 0.8 0.1

 0 0.2 0.3 0.4 0.1

Weight of environment factors=｛0.356，0.393，0.251｝
0.1 0 0 
 0.1 0.8

Membership degree of company management =  0 0.1 0.6 0.2 0.1
 0.1 0.8
0.1 0 0 

Weight of company management=｛0.326，0.295，0.379｝
 0.07 0.59 0.25 0.06 0.04 

Membership degree of management factors =  0.1 0.7
0.2 0 0

 0
0.1
0.6 0.2 0.1 

Weight of management factors=｛0.357，0.341，0.302｝
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Membership

degree

 0.21
 0.11
=
 0.14

 0.06

0.57
0.41
0.23
0.48

Weight

of

0.20
0.24
0.15
0.34

of

bulk

chemical

tanker

(first

hierarchy

factors)

0.03
0 
0.12 0.10 
0.41 0.06 

0.08 0.04 

bulk

chemical

tankers(first

hierarchy

factors)

=

｛0.483,0.1386,0.107,0.272｝
The assessment result after fuzzy comprehensive evaluation:
｛0.148, 0.487, 0.238, 0.097, 0.031｝
Modify the result with the centroid method:
n

 b( v )  v
i

M

i

i 1

 0.624

n

 b (v )

i i

i 1

According to the assessment, for this ship operation in Yangpu Port, these items
should be paid attention to:
(1) The risk for M/V ‘YOUSHEN 2’ operating in Yangpu Port is between low risk
and risk.
(2) There are 12 types chemicals onboard, with some having high pollution risk.
There is a high risk to meet thunder and traffic jam, however, the assessment reveals
that these risks for ship are acceptable. The main reason is the high competency of
crews and good performance of management.
(3) According to this assessment, when the ship and cargo, and environment factors
have high risk for the system, improving the human and management factors are
effective methods.
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Appendix
Appendix 1: Qustionaire for experts
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Appendix 2: cargo information of M/V ‘YOU SHEN 2’
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Appendix 3: Distribution of port area in YANGPU
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Appendix 4: AIS tracking observing section of main traffic flow in Yangpu
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